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Multi-Laver Barrier Allowing Recovery Anneal for Ferroelectric Capacitors 



Field of the Invention 

The present Invention relates to barrier layers in ferroelectric devices. 

5 Baci<around of the Invention 

The ferroelectric nnaterials in FeRAM (Ferroelectric Random Access 
Memory) and high K materials in DRAM are generally annealed at high 
temperatures (500C or above) in oxygen ambient to recover from process 
damage, e.g. damage caused by the Reactive Ion Etching (RIE) of the 

10 materials. During the anneal, the ambient oxygen difTuses Into the ferroelectric 
material and reacts at the high temperature to bring about the recovery. Usually 
a barrier layer (e.g. AlaOs) is deposited prior to the annealing in order to prevent 
the ferroelectric from decomposing at the elevated temperatures. When PZT is 
used as the ferroelectric, it is important that the barrier reduce the outdiffusion 

15 of the lead from the PZT. 

The barrier layers of the prior art also need to prevent hydrogen from 
diffusing into and damaging the fenoeiectric during, for example, back-end 
BEOL. Some examples of BEOL processes include Insulator deposition, 
copper processing and forming gas anneal. The barrier layer can be optimized 

20 to prevent the diffusion of hydrogen into the fem^electric, but this optimized 
layer will also result in a barrier against the oxygen. With less oxygen diffusing 
into the ferroelectric, the result is a less effective recovery anneal. 

One option is to continue the recovery anneal for a longer time at a 
higher temperature, but this causes problems, especially for capacitors having 

25 capacitor on plug structures. Poly silicon plugs or tungsten plugs (contact 

plugs) are often used as vertical interconnects to connect the bottom electrode 
of the ferroelectric capacitor to the transistors. In ferroelectric capacitors such 
contact plugs form a capacitor on plug (COP) structure. In COP structures, a 
barrier at the top of the plug prevents oxygen from passing from the ferroelectric 

30 to the plug. If the recovery anneal proceeds for too long at a high temperature 
then the oxygen will pass through that banier at the top of the plug and will 
oxidize the plug material causing the contact to fail. 
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As for the PZT, It would be desirable to have a barrier that would allow 
oxygen to pass into the ferroelectric during an anneal process while also 
preventing the ferroelectric from decomposing due to the high temperatures of 
the anneal. It would additionally be desirable for the barrier to prevent hydrogen 
s from entering and causing damage to the ferroelectric during BEOL pracessing. 

Summary of the Invention 

The present invention provides a banler that allows oxygen to pass into a 
ferroelectric during an anneal process while also preventing the fem^electric 

10 from decomposing due to the high temperatures of the anneal. The bamer also 
prevents hydrogen from entering and causing damage to the femoelectric during 
post-anneal processing. 

In general terms the present invention includes a multi-layer barrier for a 
ferroelectric capacitor having an outdiffusion barrier layer permeable to both 

15 hydrogen and oxygen. The outdiffusion barrier layer covers the ferroelectric of 
the capacitor. Oxygen passes through the outdiffusion bamer layer into the 
ferroelectric during an (»(ygen anneal In order to repair damage to the 
fenDelectric caused during etehlng. The outdiffusion barrier layer reduces the 
decomposition of the ferroelectric by blocking molecules leaving the ferroelectric 

20 during the oxygen anneal. The multi-layer barrier also includes a hydrogen 
banier layer deposited on the outdiffusion barrier layer after repair of the 
ferroelectric by the oxygen anneal. The hydrogen barrier layer allows the multi- 
layer barrier to block the passage of hydrogen into the fenoelectric during back- 
end processes. 

25 The method for manufacturing the multi-layer barrier includes the steps 

of: depositing on the ferroelectric of the capacitor an outdiffusion barrier layer 
permeable to both hydrogen and oxygen; perfonning an oxygen anneal to repair 
damage to the ferroelectric; allowing oxygen to pass through the outdiffusion 
barrier layer to the ferroelectric while using the outdiffusion barrier layer to 

30 reduce decomposition the ferroelectric during the oxygen anneal; depositing a 
hydrogen barrier layer on th outdiffusion banier layer after repair of the 
f rroelectric by the oxygen anneal; and using the multi-layer barrier with the 
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deposfted hydrogen barrier layer to block the passag of hydrogen into the 
ferroelectric during back-end processes. 

Brief Description of the Figures 

Further preferred features of the invention will now be described for the 
sake of example only with reference to the following figures. In which: 

FIGURE 1 shows a cut-away view of a ferroelectric capacitor with a 
muHI-iayer banler of the present invention. 

FIGURE 2 shows a magnified diagrammatic view of the multi-layer 
barrier of the capacitor of FIGURE 1 after deposition of an outdlffuslon barrier 
layer. 

FIGURE 3 shows a magnified diagrammatic view of a portion of the 
Inventive banier layer of the capacitor of FIGURE 1 after depositton of a 
hydrogen barrier layer. 

FIGURE 4 Is a flowchart Illustrating the method for manufacturing the 
multi-layer ban-ler of FIGURES 1-3. 

Detailed Descriotkan of the Embodiments 

FIGURE 1 shows a ferroelectric capacitor (ferrocapacltor) 101. A PZT 
layer 103, which In other embodiments can be other ferroelectric materials, is 
between a top electrode 106 and a bottom electrode 107. A metal contact 106 
is electrically connected to the top electrode 105. 

Supporting the bottom electrode 107 Is a substmcture 109, composed of 
TEOS, for example. Passing through the substructure 109 and electrically 
connecting the bottom electrode to an underiying silicon active region 1 13 is a 
contact plug 1 1 1 composed of poly silicon or Tungsten, for example. 

The bottom electrode 107 can aldo include a barter layer for preventing 
the diffusion of oxygen from the contact plug 1 1 1 Into the ferroelectric layer 103. 

Covering the top electrode 1 06 is a first TEOS hardmask 119 used for 
etching the top electrode 105 and fenoelectric 103. A multi-layer barrier 115 
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covers the hardmask 1 19, the top electrode 105 and the ferroelectric layer 103. 
The multi-layer barrier 1 1 5 Is comprised of at least two layers, although 
additional layers can also be added. A second TEOS hardmask 121 covers the 
multi-layer banier 1 1 5 and the bottom electrode 1 07 and is used to etch the 

5 bottom electrode 1 07. An outer barrier layer 1 1 7 covers the second TEOS 
hardmask 121 . Rather than TEOS, other hardmask materials can be used to 
form the haidmaks 119, 121 . In some embodiments the ferrocapaitor is etched 
using only a single hardmask, but the muitMayer barrier 115 can still be used. 
The method for manufacturing the multi-layer barrier 1 1 5 of FIGURE 1 is 

10 described with reference to FIGURES 4. Also, FIGURES 2 and 3 show 
diagrammatic views of a portion 123 of the multi-layer banier 115 during the 
method steps. 

The method includes a step 401 wherein an ouMiffusion banier layer 
1 15a is applied to the PZT 103. FIGURE 2 shows the poriiion 123 of the multi- 
is layer barrier 115 after performing the step 401 . The outdiffusion barrier layer 
115 should be very thin (2-10 nm, for example) and can be comprised of AI2O3, 
for example. The outdiffusion barrier layer can be sputtered onto the PZT 103 
at room temperature or at an elevated temperature. 

Next an anneal step 403 is performed. The capacitor 101 is annealed at 
20 a high temperature (500C or above) in oxygen ambient so that the PZT 103 can 
recover from process damage, e.g. damage caused by the Reactive Ion Etching 
(RIE) of the materials. Referring again to FIGURE 2, the outdiffusion barrier 
layer 1 15a is shown on the surface of the PZT 103. The "OC symbols 201 
diagrammatically illustrate the process damage caused to Vne PZT 103. During 
25 the anneal step 403, ambient oxygen 203 diffuses across the outdiffusion 

barrier layer 1 1 5a and into the ferroelectric to react at the high temperature and 
bring about the recovery. Although the outdiffusion barrier layer 1 15a is thin 
enough to allow the passage of the oxygen 203, due to the different diffusion 
coefficients, it is still able to serve as an outdiffusion barrier layer to reduce the 
30 outdiffusion of lead 205 from the PZT i 03. 

As explained above with respect to the prior art, It Is important to prevent 
the PZT 103 from decomposing at the elevated temperatures of the anneal step 
403. In the present inv ntion, the banier layer 1 1 5a reduces the decomposition 
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of the PZT 103 by providing a barrier to reduce the outdiffusion of molecules 
from the PZT 1 03 while at the same time allowing oxygen 203, to pass through 
the barrier and into the PZT 103 to bring about the recovery of the PZT 103 
through oxygen annealing. In particular, in the present invention the ban-ier 
5 layer 1 1 5a blocks lead (Pb) molecules 205 from leaving the PZT ferroelectric 
103. The oxygen anneal step 103 is continued until the damaged PZT 103 is 
recrystallized. 

In embodiments where ferroelectrics other than PZT are used, the barrier 
layer 1 1 5a gan be optimized to prevent molecules other than Pb from leaving 
10 the fenx)electric and can allow molecules other than oxygen to enter the 
ferroelectric. 

After completion of the anneal step 403 (see FIGURE 4). a hydrogen 
barrier layer 1 1 5b is applied (using sputtering or ALD at room or elevated 
temperature, for example) over the outdiffusion barrier layer 1 1 5a to form the 

15 multi-layer bamer 1 15 (see FIGURE 3). The hydn^gen barrier layer 1 1 5b can 
be thicker than the outdiffusion bamer layer 1 1 5a (approximately 1 0-40 nm 
thick) and can also be comprised of Ai203. The thickness and relatively perfect 
stmcture of the hydrogen barrier layer 1 15b make it a good hydrogen barrier. 
As explained above with respect to the prior art, it is important to prevent 

20 hydrogen from diffusing into and damaging the PZT 1 03 or other ferroelectrics 
during, for example, back-end BEOL processes. A path 125 for undesirable 
hydrogen from the metal contact 106 through the second TEOS hardmask 121 
and into the fenxTetectric 103 is shown In FIGURE 1 . The outdiffusion banler 
layer 115a Is both hydrogen and oxygen permeable, allowing undesirable 

25 hydrogen, as well as the desired oxygen, to diffuse into the PZT 103. However, 
the hydrogen banler layer 115b, once applied, substantially prevents hydrogen 
molecules from passing through the multi-layer banler 115 and into the PZT 
layer 103. 

Still other materials and method steps can be added or substituted for 
30 those above. Thus, although the invention has been described above using 
particular embodiments, many variations are possibi within th scope of the 
claims, as will be clear to a skilled reader. 



